Aim: We aimed to identify the radiologic features of uterine cervical adenocarcinoma associated with lobular endocervical glandular hyperplasia (LEGH). Methods: We retrospectively analyzed magnetic resonance (MR) images and pathologic findings of eight patients who underwent preoperative MR imaging followed by surgical resection and who were pathologically diagnosed with adenocarcinoma (except for adenocarcinoma in situ) associated with LEGH. We assessed the following MR findings: multicystic component (MC), solid component (SC), signal intensity of SC on diffusion-weighted imaging (DWI) and the apparent diffusion coefficient (ADC) map, and radiological stage (r-stage) based on the FIGO classification. A pathologist reevaluated the pathological stage (p-stage) according to the FIGO classification. We correlated the MR findings with the pathologic features. Results: Eight patients were classified into the following three types based on the MR findings: type A, MC and SC; type B, only SC; and type C, only MC. In the five patients with type A, diffusion restriction (DR) was seen on DWI and the ADC map. In 80% of type A cases, the r-stage matched the p-stage. In the one patient with type B, DR was not seen on DWI or the ADC map, and the r-stage matched the p-stage. In the remaining type C cases, DR was not seen on DWI or the ADC map, and the r-stage was underestimated compared with the p-stage. Conclusion: On MR imaging, the most common type of adenocarcinoma with LEGH is type A; type C is difficult to diagnose as carcinoma.
Introduction
Squamous cell carcinoma is the most common type of cancer in the uterine cervix. However, adenocarcinoma currently comprises 10-25% of all cervical carcinomas, and its incidence has increased compared with three decades ago. 1 Although squamous cell carcinoma and 94% of adenocarcinomas are associated with high-risk human papillomavirus (HPV), 1 gastrictype mucinous carcinoma and minimal deviation adenocarcinoma (MDA) are reportedly unassociated with HPV infection. 2 MDA or adenoma malignum reportedly presents as a multicystic mass of the uterine cervix on magnetic resonance (MR) images. [3] [4] [5] However, lobular endocervical glandular hyperplasia (LEGH), a benign glandular lesion of the cervix, 6 was also recently reported to present as a multicystic mass (a so-called cosmos pattern) on MR images. 7 Because the pathologic features of MDA closely resemble those of LEGH, it is possible that LEGH lesions were included in previous studies of MDA and adenoma malignum. In the World Health Organization classification, MDA and adenoma malignum are synonymous and defined as extremely well-differentiated gastric-type mucinous carcinoma. 1 Gastric-type mucinous carcinoma, especially MDA, has more aggressive features including peritoneal spread and a poorer prognosis than usual types of adenocarcinoma. 8 Some reports have described adenocarcinoma in association with LEGH, [9] [10] [11] and it has been suggested that LEGH might be a precursor lesion of adenocarcinoma, especially gastric-type mucinous carcinoma. 2, 12 Hence, LEGH is thought to be a precursor lesion of poorprognosis adenocarcinoma. In consideration of the precancerous potential of LEGH, Takatsu et al. 7 have recommended follow-up or simple hysterectomy as the treatment of choice. However, this is controversial; simple hysterectomy might be an overtreatment because LEGH is a benign lesion and the frequency of its malignant transformation is unclear. Therefore, before treatment, it is necessary to distinguish between LEGH and carcinoma associated with LEGH. We consider that knowledge of the radiologic features of carcinoma associated with LEGH is important to ensure an accurate and early diagnosis.
To our knowledge, only a few reports have described adenocarcinoma associated with LEGH, including the radiologic findings in such patients. 7, 9, 10 Takatsu et al. 7 and Tsuboyama et al. 10 have reported that adenocarcinoma associated with LEGH had solid and cystic components on MR images. However, Takeuchi et al. 9 reported that endocervical adenocarcinoma associated with LEGH was seen as a multicystic lesion in the uterine cervix with hydrometra on MR images. These case reports described radiologicpathologic correlations. 9, 10 In addition, one cohesive study of the radiologic and pathologic correlation of adenocarcinoma associated with LEGH has been published. 7 However, no cohesive study has described the correlation of MR findings, including the findings on diffusion-weighted imaging (DWI) and the apparent diffusion coefficient (ADC) map, with pathologic features. Additionally, no study has described the accuracy of staging using MR imaging in adenocarcinoma with LEGH. Therefore, we investigated the detailed radiologic features of adenocarcinoma associated with LEGH and correlated the MR findings, including the findings on DWI and the ADC map, with the pathologic findings for early diagnosis of this condition on MR imaging.
Methods

Patient population
We reviewed the pathology database of the Department of Laboratory Medicine of our institution and identified eight female patients who underwent preoperative MR imaging and were pathologically diagnosed with adenocarcinoma (except for adenocarcinoma in situ) associated with LEGH after surgical resection from January 2001 to September 2016. In all patients, the area of the adenocarcinoma was close to the area of the LEGH, and we regarded the lesions as adenocarcinoma associated with LEGH because LEGH is a potential precursor lesion of adenocarcinoma. 2 The pathologic types of carcinoma in these patients were gastric-type mucinous carcinoma and MDA (n = 6), serous carcinoma (n = 1), and usual type endocervical adenocarcinoma (n = 1). The pathologic diagnosis was based on the World Health Organization classification criteria (2014).
1 MR imaging had been performed in all patients within 1.5 months before surgery. The mean age of the patients was 59.1 years (range, 46-75 years). This study was approved by the ethical committee of our institution (no. 3550). The ethical committee also granted a waiver of informed consent for use of the patients' specimens and MR images because diagnostic use of the samples was completed before the study and there was no risk to the involved patients. Samples were also coded to protect patient anonymity.
MR examination
MR images were acquired using 3-T MR scanners (Verio and Trio; Siemens Medical Systems) in three patients and using 1.5-T MR scanners (Optima; GE Healthcare; Symphony and Avanto; Siemens Medical Systems) in five patients. We analyzed the findings of axial fat-suppressed T1-weighted imaging (T1WI), axial and sagittal T2-weighted imaging (T2WI) with or without fat suppression, axial DWI, the axial ADC map, and axial and sagittal contrast-enhanced fatsuppressed T1WI. The parameters of each sequence varied because this study was retrospective and involved a long study period. The scan parameters for each sequence are shown in Table S1 .
Radiologic image analysis
Two experienced radiologists independently assessed the following features of the lesions on the MR images without the patients' clinical information: multicystic component, solid component, signal intensity of the solid component and septa on DWI and the ADC map, and radiological stage based on the Federation Internationale de Gynecologie et de Obstetripue (FIGO) classification. When the radiologists disagreed regarding the findings, they discussed the case until they reached consensus. A cystic component was defined as a markedly hyperintense area on T2WI without enhancement on contrast-enhanced fat-suppressed T1WI. A multicystic component was defined as a close aggregation of cystic components (Fig. 1) . A solid component was defined as a nodular, massive, or infiltrative area shown as a hyperintense area relative to the cervix stroma on T2WI with enhancement on contrast-enhanced T1WI (Fig. 1) . The septa among the multicystic components recognized in the center of LEGH lesions were not defined as a solid component. We considered that diffusion restriction of water molecules was present within the lesion when the solid component and septa of the lesions were shown as hyperintense areas on DWI and hypointense areas on the ADC map relative to the uterine myometrium. When the presence of a carcinoma could not be identified on MR images, we considered the lesion to be stage 0.
Pathologic image analysis
One pathologist reevaluated and retrospectively analyzed the pathologic findings using hematoxylineosin-stained sections to confirm the histologic type of carcinoma associated with LEGH. Pathological staging was also based on the FIGO classification. In addition, the radiologic findings of the multicystic components and solid components within the lesions were correlated with the pathologic findings by all readers. 
Results
MR findings of adenocarcinoma associated with LEGH and pathologic correlation
The MR findings are summarized in Table 1 . Multicystic components were seen on the MR images of seven of eight patients. Small cysts were present inside the lesion, and relatively large cysts were present outside the lesion; this has been referred to as the cosmos pattern (Figs 2, 4) . It was thought that cystic components on MR images corresponded to relatively large cavities of the gland on the histological examination. Not all cystic components were histologically composed of LEGH. The wall of some cystic components consisted of carcinoma cells in Patients 1, 5, and 7 (Figs 2, 4). Only Patient 5 had a somewhat irregularly defined cystic component. However, all lesions had a multicystic component and showed a cosmos pattern. In Patient 8, cystic components were scattered, not closely aggregated, and most lesions were composed of a solid component on MR images (Fig. 3) . Histologically, the area of LEGH was very small and most of the lesion was composed of invasive carcinoma with scattered nabothian cysts (Fig. 3) .
In six of the eight patients, the solid component could be detected on MR images (Table 1; Figs 2-3) . Histologically, the solid components were the areas of invasive carcinoma within the lesions. In Patients 6 and 7, the solid component could not be detected on MR images (Fig. 4) . In Patient 6, localized carcinoma cells within LEGH were pathologically observed. In Patient 7, localized LEGH within adenocarcinoma was pathologically observed (Fig. 4) .
DWI was performed in seven of the eight patients (Table 1 ). In four of these seven patients, diffusion restricted areas were seen (Table 1) ; that is, solid components were shown as hyperintense areas on DWI and hypointense areas on the ADC map (Fig. 2) . In these four patients, solid components were present and the diffusion-restricted areas matched the solid components. In Patients 6, 7, and 8, no diffusionrestricted area was seen (Fig. 4) . Histologically, in Patient 6, the area of carcinoma was very small. In Patient 7, extremely well-differentiated carcinoma sparsely infiltrated the cervical stroma and parametrium, and the cell density of the carcinoma part was lower than that of the four patients with solid components on MR images (Fig. 4) . In Patient 8, welldifferentiated carcinoma had infiltrated the cervical stroma surrounding the cervical canal without a desmoplastic reaction, replacing the normal cervical gland (Fig. 3) .
Summarizing the above MR findings of adenocarcinoma associated with LEGH, the patients were classified into three types by the ratio of multicystic and solid components (Tables 1-2, Fig. 5 ). Type A comprised multicystic and solid components, and five of eight patients (Patients 1-5) were classified as having this type (Fig. 2) . Diffusion-restricted areas were seen in all of the solid components of type A on DWI and the ADC map (Table 2) . Type B comprised almost a totally solid component without diffusion-restricted areas on DWI or the ADC map, and one patient (Patient 8) was classified as having this type (Table 2 , Fig. 3 ). Type C comprised only a multicystic component, and two patients (Patients 6 and 7) were classified as having this type (Fig. 4) . No diffusion-restricted areas were seen in type C ( Table 2 , Fig. 4 ).
Correlation between radiologic and pathologic stages
In four of the five patients with type A and the one patient with type B, the radiologic stage matched the pathologic stage (Table 2) . In Patient 5, whose radiologic stage did not match the pathologic stage, a small area of vascular invasion in the parametrium was seen histologically. In the remaining patients, all of whom had type C and gastric-type mucinous carcinoma (including MDA), the radiologic stage was underestimated compared with the pathologic stage ( Table 2 ). In particular, Patients 6 and 7 were considered to have stage 0 lesions on radiological staging. Patient 6 had a stage 1A lesion on histological staging, and the area of the adenocarcinoma was small. However, Patient 7 had stage 2B lesions on histological staging, although no parametrial invasion was identified on MR images. In Patient 7, small and sparse clumps of carcinoma cells infiltrated the parametrium without a desmoplastic reaction (Fig. 4) .
Discussion
This is the first report of the features of uterine cervical adenocarcinoma associated with LEGH on MR imaging, including DWI and the ADC map, in a large group of patients. The MR findings of adenocarcinoma with LEGH were classified into three types ( Table 2 , Fig. 5 ). Type A was the most common type (Table 2 , Fig. 2 ). Some case reports support our results because the lesions comprised a mixture of solid and cystic parts (i.e., type A in the present study). 7, 10 In type B, the area of LEGH in the lesion was very small histologically (Fig. 3) . Takatsu et al. 7 described two cases of MDA with focal LEGH seen as predominantly solid lesions. The MR findings of our type B case matched the findings of their cases. In one of seven cases reported by Takatsu et al., 7 the lesion was a focal MDA with LEGH and could be classified as type C. In one of our type C cases (Patient 6), adenocarcinoma was focally seen within LEGH. Focal MDA and adenocarcinoma may coexist in approximately 10-15% of lesions showing a cosmos pattern on MR images. 7 In general, it is difficult to detect stage 1A carcinoma on MR imaging. In our other type C case (Patient 7), the majority of the lesion was MDA, and a focal area of the lesion affected by LEGH was found histologically (Fig. 4) . However, it was difficult to detect a solid component or invasion to the parametrium on MR images. Histologically, invasive carcinoma formed a glandular lesion and small nest and infiltrated both the myometrium and parametrium. These results suggest that not only focal MDA and gastric-type mucinous adenocarcinoma but also advanced cancer associated with LEGH might show a cosmos pattern without a solid component as shown in type C on MR images. Thus, we consider that cytological diagnosis, organizational diagnosis by conization, and other diagnostic techniques play a crucial role in the management of LEGH.
Multicystic components were clearly revealed on MR images in seven of eight patients (type A and C). However, there are pitfalls in the use of MR images to accurately diagnose adenocarcinoma associated with LEGH. Multicystic components on MR images are usually considered a typical finding of LEGH. The present study indicates that this is not always true because some cystic components on MR images consisted of gastric-type mucinous carcinoma (Patients 1, 5, and 7). In addition, cystic components associated with tumors were identified in only 0.025% of cases of squamous cell carcinoma but occurred in 80% of cases of gastric-type mucinous carcinoma. 13 Hence, a cystic component is common in gastric-type mucinous carcinoma. Though our study indicates that multicystic components suggest the existence of LEGH, not all of the cystic components are always composed of LEGH.
All solid components of type A and B on MR images corresponded to the areas of invasive carcinoma observed histologically. In previous reports, adenocarcinoma associated with LEGH had a solid part that could sometimes be detected on MR images. 7, 8 The existence of solid components within the lesion is a very important radiologic finding for an accurate diagnosis of adenocarcinoma associated with LEGH. In five of six cases of type A and B, which had solid component on MR images, the radiological staging matched the pathological staging. Hence, observing the existence of a solid component within the lesion may indicate the correct diagnosis. On the other hand, Takatsu et al. 7 reported that LEGH contained small cysts or 'solid parts' often surrounded by larger cysts in the cervical stroma (the socalled radiologic 'cosmos pattern'). Radiologically, the 'solid parts' seen as septa among the multicystic or aggregated small cystic components existed in the center of the lesions, but no nodular or infiltrative solid components were seen. Thus, the 'solid parts' of LEGH described by Takatsu et al. 7 were radiologically defined as aggregated small cystic components seen as a solid-like hyperintense area with spotty marked hyperintense areas on T2WI in our study. They were discriminable from the nodular or infiltrate solid components of the adenocarcinoma on MR images. In this sense, there were no solid components in the LEGH cases that we experienced clinically. Additionally, no The cervical mucosa is thick for the patient's age on sagittal and axial fat-suppressed T2-weighted imaging (FS-T2WI). FS-T2WI also shows thinning of the cervical stroma. FS-T2WI shows spotty very high intensity, which is suspected to be a cyst. (c) The mass surrounding the cervical canal like the normal cervical mucosa is slightly hyperintense on gadolinium-enhanced fat-suppressed T1-weighted imaging. (d) On diffusion-weighted imaging, the mass is shown as a slightly hyperintense area relative to the myometrium. (e) On the apparent diffusion coefficient map, the mass is shown as a hyperintense area. Hence, no diffusion restriction is seen in the lesion. (f) Hematoxylin-eosin (HE) staining shows well-differentiated invasive carcinoma in the cervical stroma. (g) HE staining shows a very small area of LEGH. Bar = 100 μm. reports have described LEGH with nodular or infiltrative solid components. DWI and ADC maps are valuable tools for establishing a radiological diagnosis of malignant tumors. Malignant tumors are believed to present as hyperintense areas on DWI and hypointense areas on ADC maps because of the constraint of water molecule movement within the malignant tumor tissue; this constraint of movement reflects the high cell concentration of the tumor. In the present study, diffusionrestricted areas were seen in all solid components of patients who underwent DWI (type A) but were not seen in the lesions without a solid component (type C). In Patients 6 and 7, diffusion restriction was not seen even within septa among cystic components on DWI and ADC maps. In type B (Patient 8), diffusionrestricted areas were not seen within solid components on DWI and ADC maps. The carcinoma areas in each of these cases (Patients 6-8) were gastric-type mucinous carcinoma. In Patient 6, the carcinoma area was very small and the FIGO stage of the lesion was 1A. Stage 1A carcinoma cannot be seen on MR imaging. In contrast, Patients 7 and 8 had a FIGO stage higher than 1A. In these two cases, however, the lesions comprised a glandular area of very welldifferentiated carcinoma cells compared with the other cases in our study. Tsuboyama et al. 10 reported that two components (the obvious adenocarcinoma 14 reported that the ADC map showed no diffusion restriction within MDA. Considering these reports, some gastric-type mucinous carcinomas might present as lesions without a diffusion-restricted area on DWI and ADC maps, although they still might be progressive lesions. We consider that a diffusion-restricted area was not seen on DWI and ADC maps because of the low cellular density of the lesions or low consistency of the mucus retained within the glands composed of carcinoma cells. In Patient 8, the combination of MR findings (i.e., the enhancement on contrast-enhanced fatsuppressed T1WI and no diffusion restriction on DWI and the ADC map) might suggest the presence of a mucinous component in the lesion, such as gastrictype mucinous carcinoma. The results of the present study indicate that DWI and ADC maps are useful techniques with which to detect the solid component within a lesion, although it is difficult to detect the malignant portion when the lesion consists of only a multicystic component and exhibits a cosmos pattern without a solid component. Additionally, diffusionrestricted areas might not be seen on DWI and ADC maps even if the lesion has the solid components of gastric-type mucinous carcinoma.
A gastric-type mucinous carcinoma is considered to have a poorer prognosis than a usual type endocervical adenocarcinoma because it aggressively infiltrates the surrounding tissues and frequently exhibits peritoneal and abdominal spread. 1 MR findings in such cases should be interpreted with extreme caution. Unfortunately, we could not accurately diagnose parametrial invasion on MR images in two patients in the present study (Patients 5 and 7, who had gastrictype mucinous carcinoma and MDA, respectively). Microscopically, specifically in Patient 7, we observed small and sparse conglomerations of extremely welldifferentiated carcinoma cells infiltrating the parametrium without a desmoplastic reaction (Fig. 5) . Takatsu et al. 7 described a case of MDA with LEGH that showed multiple cysts with an inner solid pattern on MR imaging, which was highly suggestive of LEGH, and a small nest of MDA was found in a peripheral area of the LEGH. These specific types of invasion might hamper accurate diagnosis on MR images. Hence, we should note the possible existence of invisible invasion (possible underdiagnosis) when attempting to diagnose a mass composed of both multicystic and solid components on MR images.
There are some limitations of our study. First, this was a retrospective cohort study with a small number of patients. However, only seven cases of adenocarcinoma with LEGH were reported in a previous multicenter study. 7 Our study was a single-center study with a slightly larger number of patients than the previous study. Second, because we did not perform HPV DNA testing, we cannot rule out the possibility that the adenocarcinoma and LEGH coexisted incidentally. However, we believe that collision tumors of LEGH and adenocarcinoma unassociated with LEGH are very rare. Third, the MR imaging parameters varied. The slice thickness of MR images might influence judgment regarding multicystic components and solid components (Table S1 ). However, this was avoidable because of the data obtained from the long investigation period. Fourth, we did not compare MR findings between adenocarcinoma associated with LEGH and LEGH without adenocarcinoma because only a few patients underwent total hysterectomy for the treatment of LEGH. In these patients, no solid components were seen.
In conclusion, the common radiologic feature of adenocarcinoma with LEGH was a mixture of multicystic and solid components. It is important that solid components, most of which present as a diffusionrestricted area, on MR images correspond to the area of invasive carcinoma histologically. We believe that MR imaging has a very important role for the accurate diagnosis of adenocarcinoma associated with LEGH. However, it should be noted that diagnosis on MR imaging has pitfalls. To avoid misdiagnosis, a comprehensive diagnosis including MR imaging, cytological examination, conization, and other techniques is recommended.
